MKP-1 coordinates ordered macrophage-phenotype transitions essential for stem cell-dependent tissue repair.
Re-establishing tissue homoeostasis in response to injury requires infiltration of inflammatory cells and activation of resident stem cells. However, full tissue recovery also requires that the inflammation is resolved. While it is known that disturbing the interactions between inflammatory cells and tissue resident cells prevents successful healing, the molecular mechanisms underlying the paracrine interactions between these cell types are practically unknown. Here, and in a recent study, we provide mechanistic evidence that macrophages control stem cell-dependent tissue repair. In particular, we found that the temporal spacing of the pro- to anti-inflammatory macrophage polarization switch is controlled by the balance of p38 MAPK (termed here p38) and the MAPK phosphatase MKP-1 during the muscle healing process. Moreover, we demonstrate a new function for MKP-1-regulated p38 signaling in deactivating macrophages during inflammation resolution after injury. Specifically, at advanced stages of regeneration, MKP-1 loss caused an unscheduled "exhaustion-like" state in muscle macrophages, in which neither pro- nor anti-inflammatory cytokines are expressed despite persistent tissue damage, leading to dysregulated reparation by the tissue stem cells. Mechanistically, we demonstrate that p38 and MKP-1 control the AKT pathway through a miR-21-dependent PTEN regulation. Importantly, both genetic and pharmacological interference with the individual components of this pathway restored inflammation-dependent tissue homeostasis in MKP-1-deficient mice and delayed inflammation resolution and tissue repair dysregulation in wild-type mice. Because the process of tolerance to bacterial infection involves a progressive attenuation of pro-inflammatory gene expression, we discuss here the potential similarities between the mechanisms underlying inflammation resolution during tissue repair and those controlling endotoxin tolerance.